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ABSTRACT
We report the detection of Hi absorption towards the inner double of the double-
double radio galaxy (DDRG) J1247+6723 with the Giant Metrewave Radio Telescope
(GMRT). The inner double is a Giga-hertz peaked spectrum (GPS) source with a
linear size of 14 pc while the overall size defined by the outer double is 1195 kpc,
making it a giant radio source. The absorption profile is well resolved and consists of
a number of components on either side of the optical systemic velocity. The neutral
hydrogen column density is estimated to be N(Hi)=6.73×1020(Ts/100)(fc/1.0) cm
−2,
where Ts and fc are the spin temperature and covering factor of the background source
respectively. We explore any correlation between the occurrence of Hi absorption and
rejuvenation of radio activity and suggest that there could be a strong relationship
between them.
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1 INTRODUCTION
In the currently widely accepted paradigm, nuclear activity
in active galactic nuclei (AGN) is believed to be intimately
related to the ‘feeding’ of a supermassive black hole whose
mass ranges from ∼106 to 1010 M⊙. Such an active phase
may be recurrent with an average total timescale of the ac-
tive phases being∼108 to 109 yr (cf. Marconi et al. 2004, and
references therein). For the radio-loud AGN, an interesting
way of probing their history and hence episodic jet activity
is via the structural and spectral information of the lobes of
extended radio emission (e.g. Burns, Schwendeman & White
1983; Burns, Feigelson & Schreier 1983; van Breugel & Fo-
malont 1984; Leahy, Pooley & Riley 1986; Baum et al. 1990;
Clarke, Burns & Norman 1992; Junkes et al. 1993; Roet-
tiger et al. 1994; Gizani & Leahy 2003; Konar et al. 2006).
A very striking example of episodic jet activity is when a new
pair of radio lobes is seen closer to the nucleus before the
‘old’ and more distant radio lobes have faded (e.g. Subrah-
manyan, Saripalli & Hunstead 1996; Lara et al. 1999). Such
sources have been christened as ‘double-double’ radio galax-
ies (DDRGs) by Schoenmakers et al. (2000). They proposed
a relatively general definition of a DDRG as a double-double
radio galaxy consisting of a pair of double radio sources with
a common centre. Saikia, Konar & Kulkarni (2006) reported
⋆
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the discovery of a new DDRG J0041+3224 and compiled a
sample of approximately a dozen such objects from the liter-
ature including 3C236 (Schilizzi et al. 2001) and J1247+6723
(Marecki et al. 2003; Bondi et al. 2004). The inner doubles
in these two sources are compact with sizes of 1.7 kpc and 14
pc respectively, and have been classified as a compact steep
spectrum (CSS) and a Gigahertz peaked spectrum (GPS)
source respectively. For the sample compiled by Saikia et al.
(2006) the size of the inner doubles ranges up to ∼650 kpc
and has a median value of ∼165 kpc, while that of the outer
doubles range from ∼400 kpc to 4250 kpc and has a median
value of ∼1100 kpc.
If the nuclear or jet activity is rejuvenated by a fresh
supply of gas one might be able to find evidence of this gas
via Hi absorption towards the radio components in the cen-
tral regions of the host galaxy. It is interesting to note that
the well-known DDRG 3C236, which is the largest giant ra-
dio galaxy with a projected linear size of 4250 kpc, shows
evidence of star formation and Hi absorption against a lobe
of the inner double (Conway & Schilizzi 2000; Schilizzi et
al. 2001; O’Dea et al. 2001). Considering this, we observed
the other DDRG J1247+6723, selected from the compilation
of Saikia et al. (2006), which has a compact inner double
(Marecki et al. 2003; Bondi et al. 2004) to investigate the
occurrence of Hi absorption in this class of objects. We de-
scribe some of the basic properties of J1247+6723 in Section
2, the observations and analyses in Section 3 and present
the results and discussions in Section 4. In Section 4 we
also explore any possible relationship between detection of
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Figure 1. The NVSS image of J1247+6723 with an angular res-
olution of 45 arcsec (upper panel) and the radio spectrum of the
central component which gets resolved into a compact inner dou-
ble when observed with milliarcsec resolution (lower panel). The
restoring beam of the NVSS image is indicated by an ellipse.
Hi absorption and evidence of rejuvenation of jet activity in
powerful radio galaxies. The conclusions are summarised in
Section 5.
2 J1247+6723 (VII ZW 485)
The radio source J1247+6723 is associated with the galaxy
VII Zw 485 at a redshift of 0.1073±0.0002 (Falco et al. 1998;
de Vries et al. 2000; Goncalves et al. 2004). Spectroscopic
observations of the galaxy show the presence of Hα, Hβ,
[Nii]λ6584, 6548 A˚ and [Sii]λ6717, 6731 A˚ in emission
leading to its classification as a possible LINER (Goncalves
et al. 2004 and references therein). A redshift of 0.1073 im-
plies that the luminosity distance is 490.5 Mpc and 1 arcsec
Table 1. Flux densities of the inner double of J1247+6723 (VII
Zw 485).
Frequency Flux density Error References
MHz mJy mJy
408 107 15 1
1280 243 17 P
1400 262 08 2
1400 264 18 3
1400 252 18 4
1400 270 14 5
4850 174 15 3,10
4850 188 20 6
4850 191 17 7
4900 179 13 2
8400 133 7 8
8400 131 9 3
8460 136 4 9
43340a 54 8 9
1: Marecki et al. 1999; 2: Lara et al. 2001; 3: Marcha˜ et al. 2001;
4: Caccianiga & Marcha˜ 2004; 5: our estimate from the NVSS
image; 6: Becker, White & Edwards 1991; 7: Gregory & Condon
1991; 8: Patnaik et al. 1992; 9: Dennett-Thorpe & Marcha˜ 2000;
10: Gregory et al. 1996; P: present paper.
a Extrapolated from the 8460 MHz flux density using the
spectral index given by Dennett-Thorpe & Marcha˜ (2000).
corresponds to 1.939 kpc in a Universe with H◦=71 km s
−1
Mpc−1, Ωm=0.27, ΩΛ=0.73 (Spergel et al. 2003).
The radio source consists of two lobes separated by
∼10.3 arcmin (1195 kpc) and a compact radio core which is
resolved into a small double with a separation of ∼7.2 milli
arcsec (14 pc). The large-scale radio structure has been im-
aged by Lara et al. (2001) while the compact inner double,
with both mini lobes having a steep high-frequency spec-
trum, has been observed by Marecki et al. (2003) and Bondi
et al. (2004). The NVSS (NRAO VLA Sky Survey) image
of the source showing the central component and the outer
double lobes is presented in Fig. 1 (upper panel). The two
sources south of the northern lobe are likely to be unrelated
sources. The total flux density of the source estimated from
this image is 379 mJy while that of the central component
is 270 mJy using a two-dimensional Gaussian fit. The flux
densities of the central component which consists of the in-
ner double are summarised in Table 1, while its spectrum
showing that it is a GPS source is presented in Fig. 1 (lower
panel). All the flux densities are consistent with the scale of
Baars et al. (1977). It is also clear from the different mea-
surements that the source does not exhibit evidence of any
significant variability. This along with its lack of radio polar-
ization (Dennett-Thorpe & Marcha˜ 2000) is consistent with
its GPS status (cf. O’Dea 1998). The radio luminosity of the
inner double at 1.4 GHz is 7.4×1024 W Hz−1 while that of
the outer double is 3.5×1024 W Hz−1; thus the inner double
contributes ∼68 per cent of the total luminosity.
3 OBSERVATIONS AND ANALYSES
We observed J1247+6723 with the GMRT to search for as-
sociated 21-cm absorption towards the inner double. The
source was observed on 2005 Dec 11 with a bandwidth of
c© RAS, MNRAS 000, 1–??
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Table 2. Multiple Gaussian fit to the Hi absorption spectrum.
Id. vhel FWHM Frac. abs. N(Hi)
no. 1020( Ts
100
)( fc
1.0
)−1
km s−1 km s−1 cm−2
1 32220 47.5(1.3) 0.022(0.001) 2.02(0.15)
2 32174 57.8(6.1) 0.019(0.001) 2.12(0.34)
3 32131 35.5(2.1) 0.013(0.001) 0.89(0.12)
4 32083 99.6(8.0) 0.008(0.001) 1.54(0.32)
8 MHz for ∼5.5 hours including calibration overheads. In
these observations we made use of the new high-resolution
mode of the GMRT correlator software. This allows one to
split the baseband bandwidth into 256 channels, instead of
the usual 128 channels. This provided us a spectral res-
olution of ∼7 km s−1. The local oscillator chain and FX
correlator system were tuned to centre the baseband band-
width at 1282.76 MHz, the redshifted 21-cm frequency cor-
responding to zem=0.1073. We observed the standard flux
density calibrator 3C286 every 3 hours to correct for the
variations in amplitudes and bandpass. The compact radio
source J1313+675 was also observed approximately every 35
minutes for phase calibration of the array. The flux density
of the phase calibrator was estimated to be 2.37±0.04 Jy. A
total of ∼3.5 hours of data on source were acquired in both
the circular polarization channels RR and LL.
The data were reduced in the standard way using As-
tronomical Image Processing System (AIPS) package. After
the initial flagging or editing of bad data and calibration,
source and calibrator data were examined for baselines and
timestamps affected by Radio Frequency Interference (RFI).
These data were excluded from further analysis. A contin-
uum image of the source was made using calibrated data
averaged over 65 line-free channels. Due to our interest in
absorption towards the compact central source, the imaging
was done without any uv cut-off or tapering in the visibility
plane. This provided us with the highest possible resolution.
This image was then self-calibrated until a satisfactory map
was obtained. The milliarcsec-scale inner double was seen
as a single compact radio source. The self-calibration com-
plex gains determined from this were applied to all the 256
frequency channels and continuum emission was subtracted
from this visibility data cube using the same map. Spectra at
peak position of the central source was extracted from this
cube. The whole process was done separately for Stokes RR
and LL to check for consistency. The two polarization chan-
nels were then combined to get the final Stokes I spectrum,
which was then shifted to the optical heliocentric frame.
4 RESULTS AND DISCUSSION
Our GMRT image of the source with an angular resolution
of 3.16×2.21 arcsec2 along a position angle of 157◦ and an
rms noise of 0.14 mJy beam−1 detects only the central com-
ponent which has a peak brightness of 239 mJy beam−1.
A two dimensional Gaussian fit to the source yields a peak
brightness of 240 mJy beam−1 and an integrated flux den-
sity of 243 mJy beam−1 which is listed in Table 1.
Figure 2. The Hi absorption spectrum (histogram) towards the
compact inner double of the radio galaxy J1247+6723. The spec-
trum has been smoothed using a 3-pixel wide boxcar filter. The
Gaussian components fitted to the absorption profile and the sum
of these components i.e. the fit are plotted as dotted and dashed
lines respectively. The systemic velocity (32157 km s−1) has been
marked by an arrow.
The Hi absorption spectrum towards the central com-
ponent is presented in Fig. 2. Hi absorption has been de-
tected clearly towards the inner double of this DDRG. The
rms noise in the smoothed spectrum is ∼0.6 mJy beam−1
channel−1. The Hi column density, N(Hi), integrated over
the entire absorption profile using the relation
N(Hi) = 1.835 × 1018
Ts
∫
τ(v)dv
fc
cm−2, (1)
where Ts, τ and fc are the spin temperature, optical depth at
a velocity v and the fraction of background emission covered
by the absorber respectively, is 6.73×1020(Ts/100)(1.0/fc)
cm−2. The expected value of Ts is expected to be signifi-
cantly greater than 100 K. For example, for the warm neu-
tral medium seen in the Galaxy Ts ranges from 5000−8000 K
(Kulkarni & Heiles 1988). Such high spin temperatures are
also expected to arise in the proximity of an active nucleus
(Bahcall & Ekers 1969). The absorption profile consists of a
number of components straddling either side of the optical
systemic velocity. The best fit to the present spectrum with
four Gaussian components is shown in Fig. 2 and the fit pa-
rameters are summarised in Table 2. Here vhel is the optical
heliocentric velocity with an error which is<∼5 per cent of the
full width at half maximum (FWHM). The numbers within
brackets are the errors on the quoted values. More sensitive
observations with better spectral resolution are planned to
determine the properties of the individual components more
reliably.
In order to explore any possible relationship between
rejuvenation of radio or jet activity and the occurrence of
Hi we find that most of the DDRGs in the literature have
weak radio emission in the nuclear region of the host galaxy.
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In the list of DDRGs compiled by Saikia et al. (2006) the
two exceptions are 3C236 and J1247+6723, with the flux
density within a few kpc of the nuclear region being >∼100
mJy. As noted earlier the DDRG 3C236 shows evidence of
star formation and Hi absorption against a lobe of the inner
radio source (Conway & Schilizzi 2000; Schilizzi et al. 2001;
O’Dea et al. 2001). We have now reported the detection
of Hi absorption towards the inner double of J1247+6723,
although spectroscopic observations with milliarcsec resolu-
tion are required to determine the association of different
absorption features with the different lobes of the mini or
inner double.
We have examined the literature for other high-
luminosity radio sources with possible evidence of rejuve-
nated nuclear or radio activity. An interesting case is the
radio galaxy 3C293 where the inner double with an an-
gular size of ∼3.5 arcsec (3 kpc) is misaligned by ∼30◦
from the outer double which has an overall size of ∼220
arcsec (192 kpc) and could be classified as a misaligned
DDRG. Hi absorption towards the inner double has been
observed with the GMRT and also with higher resolution
against the different components of the inner double us-
ing the Multi-Element Radio-linked Interferometer Network
(MERLIN), Very Large Array and Very Long Baseline Inter-
ferometric techniques by Beswick, Pedlar & Holloway (2002)
and Beswick et al. (2004). Also Morganti et al. (2003) and
Emonts et al. (2005) have reported evidence of fast outflows
of neutral hydrogen in 3C293 using the Westerbork Syn-
thesis Radio Telescope. Although the fast outflow extending
upto ∼1000 km s−1 is on the blue-shifted side, absorption
components are seen on either side of the optical systemic
velocity. Another interesting source is 3C258 (J1124+1919)
where the radio continuum emission is dominated by a com-
pact steep spectrum source which was resolved by Sanghera
et al. (1995) into a mini double with no unresolved core com-
ponent and the lobes separated by ∼100 milli arcsec (280
pc). The source is known to have more extended radio emis-
sion (Strom et al. 1990) with a largest angular size of ∼60
arcsec (168 kpc). Deep Hi absorption has been reported re-
cently towards the inner double using the Arecibo telescope
by Gupta et al. (2006). The spectrum shows considerable
structure with seven components required to fit it satisfac-
torily. Although the components appear to be redshifted rel-
ative to the systemic velocity a more accurate measurement
of the systemic velocity would be useful. Also while compar-
ing the Hi features with the systemic velocity one needs to
bear in mind that the latter could be affected by gas kine-
matics and one may get different velocity estimates using
different lines (see e.g. Tadhunter et al. 2001; Morganti et
al. 2001; Vermeulen et al. 2006; Gupta & Saikia 2006a).
Although the number of galaxies is quite small at
present and the statistics need to be improved, it is inter-
esting to note that in all four of these galaxies with signs
of renewed activity there is occurrence of Hi in absorption.
However, there are a few aspects that need to be borne in
mind. It is relevant to note that there is a high incidence
of Hi absorption in CSS and GPS objects (Vermeulen et al.
2003; Pihlstro¨m et al. 2003; Gupta et al. 2006) and also to-
wards the cores of narrow-line high-luminosity radio galaxies
(Morganti et al. 2001; Gupta & Saikia 2006a). The paucity of
detection towards broad-line radio galaxies (e.g. Morganti et
al. 2001; Vermeulen et al. 2003; Gupta et al. 2006) is consis-
tent with the unification paradigm (e.g. Barthel 1989) with
Hi absorption being largely due to disks around the AGN.
The broad-line objects are expected to be inclined at smaller
angles to the line of sight so that the disk is unlikely to pro-
duce significant Hi absorption. These results are also consis-
tent with the higher detection rate of 21-cm Hi absorption
towards radio galaxies compared with quasars (Vermeulen
et al. 2003; Gupta et al. 2006). In addition, for a sample of
CSS and GPS sources Gupta & Saikia (2006b) find the de-
pendence of N(Hi) on the degree of core prominence to be
consistent with the Hi having a disk-like distribution, with
the source sizes being larger than the scale size of the disk.
It is interesting to enquire whether in rejuvenated ra-
dio galaxies there is likely to be a higher incidence of Hi
gas in addition to the the circumnuclear disk. At present al-
though the number of such objects is small the incidence of
Hi absorption in rejuvenated powerful radio galaxies appears
larger than either CSS or GPS objects. For a large sample
of 96 radio sources with Hi information, the detection rate
for objects <∼15 kpc is only ∼35 per cent with this number
increasing to ∼45 per cent for the compact GPS objects.
For a more reliable comparision one requires a larger sam-
ple of Hi observations towards the nuclear regions of rejuve-
nated radio galaxies. Information on the location of the Hi
gas may be found from high-resolution observations. In the
case of 3C236, Conway & Schilizzi (2000) have interpreted
the Hi absorption as a jet-ISM interaction while in 3C293,
Beswick et al. (2002, 2004) find Hi absorption towards most
components of the inner double. These features do not ap-
pear to be due to a simple disk geometry. While 3C258 and
J1247+6723 need to be observed with milliarcsec-scale reso-
lution to determine the location of the absorbing clouds, the
present data suggest that there could be a close relationship
between the occurrence of Hi absorption due to gas clouds in
the ISM and evidence of renewed activity in powerful radio
galaxies.
5 SUMMARY
We have reported the detection of 21-cm absorption to-
wards the inner double of the DDRG J1247+6723 us-
ing the GMRT. The absorption profile is best fitted by
four components located on either side of the optical
systemic velocity, although more sensitive observations of
higher spectral resolution would be useful to determine
their properties more reliably. The total absorbing neu-
tral hydrogen column density of the gas is estimated to be
N(Hi)=6.73×1020(Ts/100)(fc/1.0)
−1 cm−2.
Using a small sample of four powerful radio galaxies
with evidence of renewed jet activity we discuss the possi-
ble close relationship between signs of renewed activity and
detection of Hi. Although the sample is small the detection
rate appears higher than CSS and GPS objects, but this
needs further investigation using a larger sample of rejuve-
nated radio galaxies with Hi information. High-resolution
spectroscopic observations of two of the objects, 3C236 and
3C293, suggest that clouds in the ISM play an important
role, while no information is available for the other two,
3C258 and J1247+6723. These results are consistent with
the possibility of a close relationship between the occurrence
of Hi absorption due to gas clouds in the ISM and evidence
c© RAS, MNRAS 000, 1–??
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of renewed activity in powerful radio galaxies. Some of these
gas clouds may be responsible for ‘feeding’ the supermassive
black hole with a fresh supply of gas to rejuvenate the nu-
clear radio activity.
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